Abstract. Correlating catchment management actions with improvements in the ecological condition of downstream coastal regions is challenging. We describe a Bayesian network (BN) model that predicts the effects of nitrogen-fertiliser management strategies in the Tully River catchment (northern Queensland) on the condition of inshore reefs of the Great Barrier Reef (GBR). The model consists of three linked submodels that relate sugarcane nitrogen management with runoff into the Tully River and nitrate concentration in the GBR lagoon, predicts phytoplankton biomass in the GBR lagoon from the nitrate inputs, and links the phytoplankton biomass with three marine influences to predict the probability of the reefs being dominated by coral (good) or macro-algae (bad). Four scenarios were modelled -current and the 'six easy steps' nitrogen management, and active and depleted algal grazing (herbivory) of the reef. The model predicts an increased probability of the reef being coral-dominated with current fertiliser practice and with active reef herbivory, with increased algal-dominance if reef herbivory is decreased. Introduction of a better nitrogen-fertiliser management with active herbivory resulted in an increased probability of coral dominance. This comparative-scenario analysis highlights the importance of both agricultural nutrient management practices and marine processes in predicting reef condition.
Introduction
The Great Barrier Reef (GBR) in north-eastern Australia is an iconic ecosystem of global significance that is threatened by climate change, the impacts of fisheries, and contaminants from the catchment (Hughes et al. 2007 ). The main water-quality issues are elevated concentrations of suspended sediment, nutrients and pesticides from diffuse agricultural sources, including rangeland grazing and intensive agricultural cropping systems (Baker 2003; Brodie et al. 2008) .
The Reef Water Quality Partnership was a collaborative structure formed in response to uncertainty in the science supporting the reef plan and regional water-quality management plans (including water-quality improvement plans (WQIPs)), and the need for institutional collaboration across Queensland and Australian Governments and the regional natural resource management (NRM) bodies of the GBR to address these needs (Reef Plan 2003) . The Reef Water Quality Partnership provided a linkage between the GBR and catchment-scale policy and planning processes, and focussed on improved target-setting, monitoring and reporting at both these scales.
A good example of these WQIPs is provided by that developed by the Mackay-Whitsunday Natural Resources Management Group ) and the Tully WQIP (Kroon 2008) . These WQIPs are all intended to be adaptive management plans, with the capacity to change with time as more information becomes available. Eberhard et al. (2009) developed a protocol to guide the practical application of an adaptive approach in the coastal catchments of the Great Barrier Reef, and tested this protocol using the Tully WQIP.
A major problem faced by each of these WQIPs is the difficulty in relating catchment management actions with potential improvement in the condition of the GBR. Currently, several models are available to estimate the loads of suspended sediment and nutrients exported from each of the catchments (Drewry et al. 2007; Armour et al. 2009 ). Models have been developed to predict what happens to these contaminants once they enter the GBR lagoon, and their effects on the biota (e.g. coral reefs, seagrasses, phytoplankton, fish) (e.g. Wolanski et al. 2004) ; however, these models do not include a robust link to catchment land-use practices. Within WQIPs, targets for landuse management linked to marine ecosystem targets have been set using a variety of models strung together from the paddock to the reef (Kroon 2008 (Kroon , 2009 . Problems can arise when the outputs of one model (e.g. at a paddock scale) are used as an input into the next model downstream (e.g. a catchment model) ).
The present paper reports the development of a Bayesian network (BN) model that links the effects of nitrogen-fertiliser management strategies used in the sugarcane fields of the Tully catchment on the associated nutrient runoff into the Tully River, and then the ecological effects on the coral and algal communities located on the inshore reefs of the GBR lagoon. The potential for such BN models to assist in natural-resources decision-making is illustrated by considering four scenarios in which two different fertiliser management practices were combined with high and low grazing pressure by reef herbivores to predict the probability that the reefs would be coral-dominated (good) or algal-dominated (bad).
The system
The Tully catchment The Tully River (1881 0 S, 14683 0 E, catchment area ¼ 2850 km 2 ) is one of 31 river catchments that drain directly into the GBR. The Tully River originates in the Cardwell Range, 65% of which is in the Wet Tropics World Heritage Area. Wet-season flow in the Tully River is characterised by multiple flood events of short duration and varying magnitude . Mean annual rainfall within the catchment is 2855 mm, with the mean annual runoff being 1954 mm m À2 and the mean annual discharge being 3.3 Â 10 6 ML. There has been a significant alteration to the hydrological regime in the floodplain, and pesticides and high nutrient loads (particularly nitrate) are evident in the lower reaches of the catchment (Brodie et al. 2001b; .
Sugarcane agriculture dominates the nutrient-input regime of the Tully floodplain. This floodplain has been extensively cleared, with ,15% of the total catchment under sugarcane agriculture, 2% under horticulture (of which the largest component is banana farming) and 19% grazing land (Brodie et al. 2001a) . The use of nitrogen fertiliser in the Tully region doubled in the 10-year period 1989-1999, from ,2090 t year À1 in 1989 to 4750 t year
À1
in 1999, and has changed little since 1999 Wrigley 2005) . Moody et al. (1996) reported that of the 180 kg ha À1 of fertiliser applied to sugarcane fields each year, less than half (,70 kg ha
) is taken up by the crop.
Great Barrier Reef
The GBR extends along the Queensland coast for 2000 km, and encompasses an area of ,343 500 km 3 on the continental shelf (Brodie et al. 2001a; Kroon 2009 ). Increased loads of nutrients are considered a major factor responsible for deteriorating water quality on coral reefs (Koop et al. 2001; Fabricius 2005) . Declining water quality as a result of nutrient pollution is considered by Wachenfeld et al. (1998) to be a 'principal issue' facing the long-term ecological functioning of the GBR. It has been estimated that the fluxes of nitrogen and phosphorus to the GBR lagoon have increased four-fold since European settlement (Neil et al. 2002) , whereas the long-term abundance of phytoplankton, measured as Chlorophyll a (Chl-a), in waters off the catchments with elevated nitrogen delivery has more than doubled (Brodie et al. 2007) . Fabricius (2005 Fabricius ( , 2007 has reviewed the impacts of catchment runoff on corals and coral reefs of the GBR.
The present study is focussed on the effects of nutrients on inner shelf coral reefs out to a depth of 20 m. This spatial extent was chosen to reflect the fact that flood waters are known to extend regularly to the inner shelf of the GBR, and less frequently to the mid-or outer shelf (Brodie and Furnas 1996; Devlin and Brodie 2005) . Here, we consider only high flows because these will be the conditions when most contaminants are delivered to the GBR lagoon.
Sugarcane farming practice in Queensland Sugarcane farming extends over 400 000 ha from northern New South Wales to northern Queensland (Brodie and Mitchell 2005) , and is currently the major user of nitrogenous fertiliser in northern Australia. The environmental impacts of cane farming differ during the three recognised stages -crop growing, harvesting and post-crop fallow. Losses of nitrogen can occur during all three stages, and particularly during crop growing and harvesting. The present study is focussed on the use and losses of fertilisers, particularly nitrogenous fertilisers, because nitrogen is the limiting nutrient in the GBR lagoon (Wooldridge et al. 2006) .
The sugar industry has been active in recent years in attempting to change fertiliser management and harvesting and tillage practice to reduce the amounts of sediment, nutrients and pesticides lost from their activities and subsequently contaminating the GBR. Under conventional sugarcane harvesting and tillage practices, annual soil loss from cane lands can be quite high. For example, Prove and Hicks (1991) reported losses up to 500 t ha À1 year À1 in the Johnstone River catchment. With the advent of new techniques in tillage and harvesting, this figure has been reduced to o15 t ha À1 year À1 (Rayment 2003) .
Fertiliser management
Four nitrogen-fertiliser management practices are currently available (or should be soon) in the Tully region, and are as follows: (1) current practice is to apply nitrogen at a rate of ,170 kg ha À1 year À1 ; (2) six easy steps practice is an integrated nutrient-management tool that enables the adoption of bestpractice nutrient management on-farm (Schroeder et al. 2007) , where the average nitrogen-fertiliser application rate may be reduced to 140 kg ha À1 year
À1
; (3) nitrogen replacement takes into account nitrogen that is stored in soil and litter, which allows farmers to adjust the required nitrogen rate to ,110 kg ha À1 year À1 (Thorburn 2004) ; and (4) nitrogen fixation is an experimental strategy (John Reghenzani, pers. comm.) that seeks to produce a variety of sugarcane that has a good ability to associate with nitrogen-fixing bacteria, and may reduce the fertiliser rate to 10 kg ha À1 year
.
Tillage
The model allows for the following two forms of tillage:
(1) conventional ploughing and (2) minimum (or sometimes zero) tillage where little ploughing is undertaken and weeds are suppressed by using herbicides (Bakker 1999; Cheesman 2004 ).
Green-cane harvesting/trash blanketing
In 'conventional' cane growing, the cane is burnt after harvest, leaving relatively bare earth. Now with green-cane harvesting/ trash blanketing (GC/TB), the cane is cut green and not burnt, with the leaves from the cane stripped off by the harvester and shot out onto the ground to form a 'trash blanket' (a form of 'stubble retention'), resulting in reduced erosion (Rayment 2003) .
The main farming practices, namely fertiliser management, minimum tillage and GC/TB, are used in the BN model described here to examine the generation and transport of nutrients and sediment from cane fields to the GBR lagoon via the Tully River.
Ecological endpoint -coral reefs
Corals are an assemblage of many individual polyps, which are multicellular organisms that feed on a variety of small organisms, from microscopic plankton to small fish. Most of the GBR corals obtain their nutrition from a symbiotic relationship with a class of algae called zooxanthellae. Under excess nutrient (particularly nitrate) conditions, the zooxanthellae population grows uncontrolled and the balance of the nitrogen-carbon fluxes between the coral host and zooxanthellae is disrupted, resulting in a reduction of calcification and weakening of the coral calcareous skeleton (e.g. Marubini and Davies 1996; Ferrier-Pages et al. 2000) .
The relative dominance model has been proposed for coral reef systems where the final state following disturbance may be any of a number dominated by coral or different algal types (Littler and Littler 1984; Smith et al. 2001; Littler et al. 2006) . In this model, the interaction between elevated nutrients and reduced grazing (mainly by fish, although others such as echinoderms and gastropods possible) can drive a coral reef system to one of three other states dominated by turf algae, frondose macroalgae or crustose coralline algae. Frondose macroalgae already dominate many inshore reefs of the Great Barrier Reef, with increasing nutrient inputs from the land (e.g. off Mackay) (Jupiter et al. 2008 ) and off Tully .
One of the key challenges in the management of coral reefs is to identify management responses that may possibly counteract the frequent and increasingly severe coral-bleaching events (Buddemeier and Fautin 1993; Hoegh-Guldberg 1999) . A current concern of coral reef scientists is that when a disturbance, such as bleaching, is superimposed on other pressures, such as sedimentation and nutrient enrichment, rapid decline in coral reef communities is likely, potentially overturning their stability over geological time scales (Pandolfi et al. 2003) .
There remains much uncertainty as to the relative importance of nutrient enrichment (bottom-up) and overfishing of herbivores (top-down) as factors resulting in major shifts in the coral-algae balance after disturbances (McCook 2001; Bell et al. 2007; Littler and Littler 2007) , and hence the validity of the relative dominance model (Lapointe 1997 (Lapointe , 1999 Hughes et al. 1999) . Wilkinson (2004) and Hughes et al. (2005) identified the ecological attribute of 'resilience' in coral reef populations and ecosystem function as a key goal in the management of coral reef ecosystems.
The ecological endpoint selected for the BN model reported here was the relative change in the reef algal-coral proportions. It was hypothesised that the nitrate derived from the fertiliser applied to the cane farms in the Tully catchment can be linked to the nitrate discharged into the lagoon, and subsequently to increases in phytoplankton biomass in the GBR lagoon. Phytoplankton biomass was taken to be a proxy for lagoon water quality following Wooldridge et al. (2006) who specifically used dissolved inorganic nitrogen (DIN) as the most influential nutrient in driving Chl-a concentrations, because phytoplankton growth in the GBR lagoon was considered to be primarily limited by nitrogen availability. Done (1999) has characterised the following two major conditions resulting in change in reef communities: (1) those places where the decline is strictly a consequence of watercolumn physics and chemistry, and (2) those places where, in spite of suitable water-column properties, there is net CaCO 3 loss because the reef-building community is too sparse as a result of diminution or failure of ecological processes. He considered the key ecological processes to include the following: recruitment of key functional groups such as corals, other invertebrates and fish; dampening by predators of outbreaks of destructive species such as crown-of-thorns starfish; and the prevention of a build-up of algal biomass by a sufficient abundance of herbivorous fishes and/or invertebrates. Fabricius (2005 Fabricius ( , 2007 has developed semiquantitative conceptual models linking several water-quality factors to the condition of the reef ecosystem. For this first-stage BN model, we elected to focus only on the nitrogen to macroalgal-coral balance. It is possible that when other water-quality factors (particularly suspended sediments and pesticides) are considered, the effects of nitrogen enrichment may be modified.
Development of the Bayesian network model
Management decisions concerning risks associated with invasive species are difficult, because these decisions often have to be taken where there is scant scientific knowledge available. In these cases, managers do not have the luxury of running experiments. Such problems are characterised as 'incomplete', with differing forms and degrees of uncertainty, where the available data and knowledge can be quantitative or qualitative, pictorial, linguistic or diagrammatic. These types of information are often imprecise, ambiguous and fuzzy. Despite this, they constitute essential evidence that backs up reasoning under uncertainty and legitimately underpin judgement and decisionmaking. Expert opinion forms an indispensable aspect of riskbased decision-making when accurate data are unavailable, or understanding of the system is incomplete or uncertain.
Bayesian network (BN) models are one method for combining scientific data with expert knowledge and experience (Marcot et al. 2001 (Marcot et al. , 2006 . A BN model is a tool that can be used to build a decision support system, and these are increasingly being used to model uncertain and complex systems, such as ecosystems and environmental management (Uusitalo 2007; Hart and Pollino 2009 ). The BN model reported here to assess the impact of various cane-farming land management activities on the inner coral reef communities in the Tully estuarine region consists of the following three components: (1) a set of nodes representing the key variables of the management system, (2) a set of links that represent the cause-effect relationship ('conditional dependence') between the nodes and (3) a set of probabilities representing the belief that a node will be in a given state, given the states of the connecting nodes. The conditional probability relationships were based on available information, including experimental or field results, and expert opinion (Borsuk et al. 2006) .
Relevant literature on cane farming in Queensland, water quality and coral reef communities was reviewed, and this knowledge was then translated into a formal conceptual model (Fig. 1) , which highlights the main variables in the land, waterquality and reef-condition model and represents the main cause-effect relationships by arrows among variables. This cause-effect diagram was then used to build the BN model. As noted above, the ecological endpoint for the BN model was defined as 'reef ecosystem condition', with the measure of 'condition' taken as the relative proportion of coral to macroalgal dominance on a reef. The BN model recognises that the shift from coral to macro-algal dominance in a reef is not entirely due to nutrient enrichment or eutrophication, but may also be assisted by other factors such as overfishing of herbivorous fish (Pandolfi et al. 2005; Littler et al. 2006 ).
Model structure
The conceptual model for the Tully system consisted of three submodels (Fig. 1) , and these three submodels made up the final BN model structure. The most important of the assumptions underpinning the model were as follows: (1) fertiliser residues associated with crops (sugarcane and bananas) have markedly increased nitrate loading of the Tully River, (2) the Tully River is a conduit transporting sediment and nutrients to the GBR lagoon, (3) most of the transport of dissolved inorganic nitrogen (DIN) to the inner reefs in the lagoon occurs during high flow events (in-stream processes are not considered to be important under these high flow conditions), (4) the Tully River is not phosphorus-limited and neither is the GBR lagoon, and (5) a dynamic equilibrium exists between coral and algal communities on the reef.
A rigorous evidence-based process was employed in choosing each node in the BN model. This process, together with the evidence and assumptions used in the model and the justification for each of the variables (nodes), is detailed in the Accessory Publication to this paper.
Submodel 1 (Fig. 1) with runoff into the Tully River (runoff TSS, runoff P, runoff nitrate), and attempts to gauge the total nutrient loads transported, and the final nitrate concentration in the GBR lagoon (lagoon nitrate). The emphasis in this model is on nitrate losses associated with nitrogen-fertiliser management practices. Submodel 2 (Fig. 1) takes the nutrient inputs to the GBR lagoon from the Tully River submodel and combines these with other relevant parameters (e.g. lagoon water temperature, lagoon light limited) to predict phytoplankton biomass (lagoon phytoplankton biomass). Submodel 3 (Fig. 1) assumes that four factors influence the health of coral reefs (phytoplankton biomass, bleaching events, crown-of-thorns and reef herbivory). The model links the catchment activities (on-farm nitrate fertiliser loads and transport of DIN by the Tully River) to reef condition via the phytoplankton biomass. This model predicts the probability that the inshore reefs are either coral-dominated (good) or algal-dominated (bad).
Populating the network
The BN model was populated in two stages. The first stage involved defining the states of each node for this wet-tropics agro-ecosystem. These are listed in the Accessory Publication (Tables 1-3 of the Accessory Publication for the three submodels, respectively), together with the evidence supporting the states selected for each node. All nodes in the BN model were assumed to be categorical, with continuous variables defined in terms of thresholds. The second stage involved populating the conditional probability tables (CPT) for the Tully River case study. These were derived from the scientific literature and from expert opinion, and are specific to cane farming, the Tully River and the Great Barrier Reef lagoon. A full listing of all CPTs, together with the supporting evidence, is available in the Accessory Publication.
Application of the Tully River]reef BN model
The Tully River-reef BN model was used to predict the status of the coral reefs for four scenarios in which the influences of both fertiliser management and herbivorous fish are investigated. The results are aimed at demonstrating the utility of BN models as decision support tools.
The two sets of scenarios modelled compare the effect of the current fertiliser management with the alternative fertilisermanagement practice known as 'six easy steps' on the condition of the coral reefs influenced by discharges from the Tully River. The modelled scenarios examine the effect of these land management strategies on the generation and transport of nutrients and sediment in high river-flow conditions. This choice assumes that the majority of nutrient and sediment transport in the Tully River occurs in high flow conditions, that crown-of-thorns are not present on the reef and that riparian and wetland conditions are reasonably good. The reef-condition endpoint in the model assesses the combined effect of changes in transported nutrients via the Tully and disturbance of coral reef communities.
Scenario 1 represents the current fertiliser management, nutrient transport and ecological conditions within the Tully catchment. The BN model (Fig. 2) predicts that under these conditions, there is a 68% probability of the inner reef being coral-dominated, with a 32% probability of being dominated by algal species (Table 1) .
Scenario 2 assumes current fertiliser-management practices, but with severely reduced herbivory on the reef because of effects such as overfishing or disease. The BN model again predicts the reefs would be coral-dominated (59% probability), but with about a 10% increased probability of algal-dominance (41%) ( Table 1) .
Scenarios 3 and 4 considered a change in fertiliser management practice from the current practice to 'six easy steps' practice. In both cases, a reduction in nitrate runoff is predicted, with a subsequent decrease in GBR lagoon chlorophyll concentrations (Table 2 ) This resulted in an increased probability of improved reef health (Scenario 3 -73% probability of coraldominance), although this improvement would be marginal if reef herbivory were reduced (Table 1) .
This latter finding is important because it suggests that significant reductions in nitrate input to the GBR, achieved by improved fertiliser management, may result in very little improvement in the condition of the coral reefs if the reef ecosystem integrity is not maintained. Thus, Scenario 4 predicts that even with improved fertiliser management, a loss of active herbivory would result in little improvement in the condition of the coral reefs (Table 2) .
Discussion
The BN model The current BN model reported here appears to behave plausibly. With the current fertiliser and tillage practice, the model predicts that the inshore coral reefs off the Tully River would be in moderate condition (60-70% probability of coraldominance), with the condition also influenced by the level of grazing (herbivory) occurring on these reefs.
It has not been possible to fully validate the BN model because of a lack of data. However, the monitoring data on reef condition that are available show that inshore reefs have been algal-dominated for the past 10-20 years. For example, coral cover in the Cairns inshore reef sector, including reefs influenced by the Tully River discharge, has varied between 10 and 30% during 1993-2007, whereas algal cover has varied between 40 and 70% over the same period ( fig. 4 .11 in Sweatman et al. 2008) . Algal dominance has existed for this entire period. It is believed that coral cover was higher (,50%) on all Great Barrier Reef reefs before 1900 (Bruno and Selig 2007) , dropping to 35% overall coral cover in the period 1968 -1983 and to 25% in the period 1984 (Bruno and Selig 2007 . This reduction in coral cover is attributed to a range of factors, including crownof-thorns starfish outbreaks, bleaching episodes, poor water quality, cyclone damage, coral diseases and interactions among these factors.
In addition, this first BN model has focussed only on nutrients (nitrogen) as the main water-quality contaminant from the catchment leading to deterioration of the inshore reefs. However, in an extensive review of the world literature, Fabricius (2005 Fabricius ( , 2007 implicated several water-quality factors as potentially affecting the condition of the coral reef ecosystem. To make it more robust, the next iteration of this BN model should include the effect of other water-quality factors (particularly suspended sediments and pesticides). The current model includes three marine factors likely to affect coral condition, namely herbivory, crown-of-thorns and bleaching. However, for the present application of the model, only changes in herbivory have been tested.
Management scenarios
The current BN model combines the effects of catchment inputs (nitrogen) and marine factors (grazing) on reef condition. There is still considerable uncertainty as to the relative importance of nutrient enrichment (bottom-up) and overfishing of herbivores (top-down) as factors resulting in major shifts in the coral-algae balance (Bell et al. 2007; Littler and Littler 2007 ).
The BN model predicted that improved fertiliser management (six easy steps), leading to less nitrogen runoff, should result in a marginal improvement in the condition of the inshore reefs. This improvement in reef condition was only ,5% (probability of coral dominance increased from 68% to 73%). However, this was expected because the change to the six easy steps fertiliser management practice is reported to result in ,20% improvement in the annual nitrogen application rate (170 kg ha À1 year À1 to 140 kg ha À1 year
À1
; Thorburn 2004) , and obviously a somewhat lesser percentage improvement in nitrate runoff. The importance of grazing in maintaining coral-reef condition is also shown by the modelled results. Thus, there was an increase of ,10% in the probability of algal dominance if herbivory was severely depleted as a result of overfishing (Table 1) .
Bayesian network models for linking catchment management activities with coral-reef condition However, showing that these catchment management actions are resulting in improvements in the ecological condition of coastal regions is a difficult task. Monitoring needs to be conducted at an appropriate frequency and for a considerable period of time for meaningful trends to be determined and separated from the natural variability in such systems ). For this reason, there is increased interest worldwide in modelling approaches to quantify the effects of changed agricultural practices in the catchment with improvements in the condition of downstream coastal ecosystems (e.g. Lye and Ling 2006; Avila-Foucat et al. 2009 ). The BN model reported here, linking improvement in nitrogen-fertiliser practice on sugarcane farms in the Tully catchment with the condition on inshore coral reefs of the GBR off the Tully catchment, is to our knowledge the first of its kind. However, with the recognition of the strength of the BN modelling approach in these circumstances, parallel projects to link catchment management with Great Barrier Reef ecosystem health by using BN modelling in the Tully system are underway (Thomas et al. 2009 ).
The BN modelling approach reported here illustrates several advantages not currently available with any other approach. These include an integrating framework, transparency and a straightforward and flexible modelling process.
Integration and transparency are achieved through the explicit modelling process and thorough documentation. The process of developing a BN model is an effective way to formally and logically identify, structure and focus the available data and knowledge. Other advantages are that information and knowledge from different sources (actual data and expert knowledge) can be handled in the same modelling framework, that uncertainties are explicitly handled (e.g. data and predictions are given as probabilities), and the Bayesian approach allows the model to be formally updated as new information becomes available (Hart and Pollino 2009) . Although not explored in the present application, BN models can be used very effectively to identify and prioritise where additional knowledge is needed to improve the model Shenton et al. 2009 ). The BN modelling approach also revealed some weaknesses, the most important being (1) constraints on modelling spatio-temporal complexity, and (2) that feedback loops can be implemented only indirectly in a BN. Feedback loops and spatio-temporal complexity are inherent in linked agro-ecosystems, such as in this Tully case study; for this reason, when seeking to model such complex systems, additional modelling strategies are necessary to complement the BN modelling framework.
There are an increasing number of applications of BN models being used as very effective decision-making tools, particularly when the biophysical relationships are coupled with costeffectiveness and cost-benefit analysis (Marcot et al. 2006; Uusitalo 2007; Hart and Pollino 2009) . Although the Tully BN model did not include any cost-benefit analysis component, it nevertheless provided a very useful tool for presenting the causal links between catchment management practices and the ecological condition of the inshore reefs, and for indicating what levels of improvement in ecological condition may be achieved by the uptake of better management practices, at least for the sugarcane industry. BN models provide an ideal way of combining quantitative data with expert knowledge (where such data are lacking) to inform decisions on investments to improve agricultural practice so that downstream coastal-zone ecosystems are better protected.
